The role of tryptophan residues in an integral membrane protein: diacylglycerol kinase.
Tryptophan residues are thought to play special roles in integral membrane proteins, anchoring transmembrane alpha-helices into the lipid bilayer. We have studied the effect of mutating the five Trp residues in the diacylglycerol kinase (DGK) of Escherichia coli to Leu residues. The fluorescence emission maxima for DGK and a variety of Trp mutants in bilayers of dioleoylphosphatidylcholine [di(C18:1)PC] are all centered at ca. 327 nm, suggesting that all five Trp residues are located close to the glycerol backbone region of the bilayer. This is also consistent with fluorescence quenching experiments, measuring the separation between the Trp residues and the bromine atoms in a bilayer of dibromostearoylphosphatidylcholine. Mutation of Trp residues in DGK was found to have significant effects on activity for DGK reconstituted into bilayers of di(C18:1)PC containing 30 mol % 1,2-dihexanoylglycerol (DHG). Of the mutants containing a single Trp residue, only that containing Trp-112 was found to give active protein. The presence of both Trp-25 and Trp-112 gave higher activity than Trp-112 alone. Trp-25 and Trp-112 are the most important Trp residues in DGK as far as activity is concerned. Effects of mutations on K(m) for DHG were generally greater than effects on v(max). The activity of wild-type and mutant DHGs reconstituted into bilayers of phosphatidylcholines was sensitive to the chain length of the phospholipid, with highest activities for chain lengths of C18 or C20 and lower activities in phosphatidylcholines with shorter or longer chains. Compared to wild-type DGK, the Trp mutants were less affected by long-chain phosphatidylcholines but more affected by short-chain phospholipids. In mutants lacking Trp-25, low activities in short-chain phospholipids followed from a decrease in v(max) compared to wild type, combined with an increase in K(m) value for DHG, as observed in the wild type. It is suggested that Trp-25 plays a role in maintaining the alignment of ATP and DHG at the active site. Fluorescence emission spectra for the Trp mutants do not change significantly with changing fatty acyl chain length from C14 to C24, showing efficient hydrophobic matching between DGK and the surrounding lipid bilayer. It is suggested that hydrophobic matching is achieved by tilting of the transmembrane alpha-helix or rotation of residues at the ends of the helices about the Calpha-Cbeta bond linking the residue to the helix backbone. As well as any structural effects, the presence of Trp residues in DGK has a clear effect on thermal stability.